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The pulmonary ligament (PL) forms the intersegmental
septum and enters the lung parenchyma.1 Consequently,
the PL can be easily separated from the lung parenchyma
at surgery. We report thoracoscopic segmentectomy of the
lateral basal segment (S9), the posterior basal segment
(S10), or both by a new approach that does not require
interlobar separation of the lung.
SURGICAL TECHNIQUE
Since March 2009, we have performed thoracoscopic
segmentectomy of S9, S10, or both through a PL approach
in 23 patients in whom a nodular shadow or ground-glass
opacity measuring 2 cm or less was found in S9 or S10
on chest computed tomography.2 All patients were evalu-
ated for the absence of extrapulmonary metastatic disease
by fludeoxyglucose F 18 (INN fludeoxyglucose [18F])
positron emission tomographic scan before resection.
Reconstruction of 3-dimensional models by preoperative
computed tomography has been previously described
(Figure 1, A).3-5 Involved pulmonary vessels and bronchi
were identified, and the surgical procedure was
determined on the basis of such factors as tumor location
and margin status. Surgery was performed with the
patient under general anesthesia with single-lung ventila-
tion and positioned in the lateral decubitus position. A small
skin incision, 2.5 to 4 cm in length, was made along the
anterior axillary line at the fifth intercostal space. A camera
port was placed at the midaxillary line of the seventh or
eighth intercostal space, and an assist port was placed at
the posterior axillary line of the seventh or eighth intercostal
space. First, the PL was incised up to the inferior pulmonary
vein, and the basal pulmonary vein was exposed (Figure 1,
B and C, Figure 2, A, and Video 1). Branches of the basal
pulmonary vein that had been preoperatively identified on
a 3-dimensional image and branches of the segmental
pulmonary vein were transected if necessary (Figure 2, B
and E). With right-angle forceps, dissection proceeded
along the intersegmental septum to expose the pulmonary
arteries running alongside the bronchi, which were
then transected (Figure 2, C and F). When the bronchi
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were exposed, the regional lymph nodes were submitted for
intraoperative frozen section diagnosis. If lymph node
metastasis was confirmed, the procedure was converted to
lobectomy. After transection the bronchi and pulmonary
arteries (Figure 2, D and G), the segments were divided.
The intersegmental veins were used to identify the
intersegmental plane. The segments were divided by the
combined use of an electrocautery, an ultrasonically
activated device, and a stapler. Interlobular dissection was
not performed.
RESULTS
These 23 patients ranged in age from 15 to 82 years
(mean, 62 years). Metastatic lung tumors were diagnosed
in 13 patients, early small lung cancers such as adenocarci-
noma in situ in 8, and benign tumors in 2. The surgical
procedures were S9 segmentectomy in 6 patients, S10
segmentectomy in 8, and S9-10 segmentectomy in 9. The
operative time ranged from 118 to 261 minutes (mean,
188.3  43 minutes). The blood loss ranged from 2 to
332 mL (mean, 66.3  79 mL). The drainage duration
ranged from 2 to 7 days (mean, 3.7 1.4 days). No patients
required conversion to thoracotomy, and none had air leaks
persisting longer than 6 days.
DISCUSSION
Resection of the basal segments of the lower lobe,
particularly S9 or S10 segmentectomy, is considered
challenging because the branches of the bronchi and the
pulmonary vessels in S9 and S10 are located deep in the
lung parenchyma, far from the interlobar fissure.5 Conven-
tionally, dissection has been done from the interlobar
fissure, making it necessary to cut into the lung
parenchyma between the superior segment (S6) and the
anterior basal segment (S8), which otherwise would not
be required. The PL is contiguous with the intersegmental
septum and facilitates entry into the lung parenchyma. The
intersegmental septum can be divided into the medial basal
segment (S7) and S10 of the right lung, and S8 and S10 of
the left lung.1 The PL is thus considered useful for
intersegmental division of the lung parenchyma during
S9 or S10 segmentectomy. The use of 3-dimensional
images of the lung facilitates visualization of the positional
relations among the target nodule, pulmonary vessels, and
bronchi, allowing peripheral vessels and segmental
bronchi to be more accurately treated thoracoscopically.
Consequently, our technique allowed complete thoraco-
scopic S9 segmentectomy, S10 segmentectomy, or both
to be performed. Our technique may, however, carry a
greater risk of incomplete lymph node dissection than do
conventional procedures. Early lung cancer showing
pure ground-glass opacity on computed tomography,
metastatic lung tumors, and benign tumors arising in the
center of the lung are considered good indications for
our technique.
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FIGURE 1. A, Three-dimensional model for a patient who underwent posterior basal (S10) segmentectomy of the left lung. Red indicates the pulmonary
arteries, blue indicates the pulmonary veins, yellow indicates the trachea and bronchi, and black indicates the tumor. B, The left pulmonary ligament (white
arrow) can be seen on chest computed tomography. C, The approach from the pulmonary ligament (light pink) by our technique.
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FIGURE 2. A, An image sequence of the visual field when the pulmonary ligament (light pink) was divided by our technique is shown as a 3-dimensional
model of the pulmonary vessels and bronchi. B-G, Comparison of the actual surgical field of vision and the 3-dimensional model. B-D, Photographs
extracted from digital video data taken during the operation. E-G, Schematic illustrations. Filled circle, Inferior pulmonary vein; filled triangle, stump
of the posterior basal vein (V10); filled square, pericardium; filled star, stump of the posterior basal bronchus (B10). Ao, Aorta.
Surgical Techniques
The Journal of Thoracic and Cardiovascular Surgery c Volume 149, Number 3 939
